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Transesophageal echocardiography was used in 18 patients (aged 
1.6 to 34 years, mean age 12.6) to assess the immediate (5 patients) 
or intermediate (13 patients) results after a Fontan-type proce-
dure. The findings were correlated with precordial echocardio-
graphic (all patients) and cardiac catheterization (11 patients) 
data. 
Atrial shunting was documented by transesophageal studies in 
three patients (precordial in one patient). In two patients it was 
confirmed by cardiac catheterization; the third underwent reop-
eration based on the transesophageal study alone. Pulmonary 
artery obstruction was documented in three patients (precordial in 
one patient) and was confirmed by subsequent cardiac catheter-
ization in all. Evaluation of anterior Fontan connections was 
successful in 5 of 8 patients (precordial in 6 of 8), and posterior 
connections in 10 of 10 patients (precordial in 5 of 10). A Glenn 
Several modifications of the original Fontan procedure (I) 
are widely applied for the treatment of a wide spectrum of 
complex congenital heart lesions (2-5). Although the early 
and late operative results have improved dramatically over 
the recent decade (6-8), a large proportion of patients have 
hemodynamic lesions (2-9). Such lesions may not always be 
clinically apparent, but may be the cause of impaired func-
tional capacity (10-12). Whereas some lesions are residua of 
suboptimal surgical correction and require early reoperation 
(e.g., atrial shunting), others may develop during the late 
postoperative period (e.g., pulmonary artery obstruction), 
and may lead to either acute or gradually progressive clinical 
deterioration (13,14). Thus, a close follow-up of all patients 
after the Fontan procedure is required. Precordial ultra-
sound studies are used to assess the functional status of 
these patients (15,16), but they often yield limited informa-
tion, particularly in adolescents and adults. Thus, to effect a 
complete evaluation of the Fontan procedure, the clinician 
must often perform cardiac catheterization. 
Transesophageal echocardiography is an established 
From the Academic Hospital Rotterdam, Sophia Children's Hospital and 
Thoraxcenter, Erasmus University Rotterdam, The Netherlands. 
Manuscript received July 3, 1990; revised manuscript received October 
24, 1990, accepted November 7, 1990. 
Address for reprints: Oliver Stiimper, MD, Department of Pediatric 
Cardiology, Royal Hospital for Sick Children, Sciennes Road, Edinburgh 
EH9 ILF, Scotland. 
©1991 by the American College of Cardiology 
shunt could be evaluated in eight of nine patients (precordial in 
three of nine). Thrombus formation was detected by transesoph-
ageal studies in three patients (precordial in one patient); repeat 
studies were used to evaluate thrombolytic therapy in two. Atrio-
ventricular valvular regurgitation (11 of 18 patients) was better 
defined by transesophageal than by precordial studies (5 of 18). A 
coronary artery fistula was identified in two cases (precordial in 
none). Transesophageal pulsed Doppler interrogation of pulmo-
nary artery and pulmonary vein flow patterns consistently allowed 
a detailed evaluation of the Fontan circulation. 
Transesophageal echocardiography is an important diagnostic 
and monitoring technique after the Fontan procedure. In this 
series, it was far superior to precordial ultrasound evaluation and 
of substantial additional value to cardiac catheterization. 
(J Am Coil CardioI1991;17:1152-60) 
technique for diagnosis and management of acquired cardiac 
lesions in adult patients (17-19). With the availability of 
dedicated pediatric probes, this technique is rapidly evolving 
as a diagnostic technique even in small children (20-22). 
Because the cardiac structures in close proximity to the 
esophagus are better assessed by transesophageal than by 
precordial ultrasound, the technique might be expected to 
provide additional insights into the Fontan circulation. 
In this report transesophageal echocardiography was 
prospectively used in a series of 18 patients to determine its 
diagnostic value for evaluation of Fontan-type procedures. 
The results were compared with the findings of correlative 
precordial ultrasound studies and cardiac catheterization. 
Methods 
Study patients (Table 1). Eighteen patients who had un-
dergone a Fontan procedure were studied by transesopha-
geal echocardiography. The age at investigation ranged from 
1.6 to 34 years (mean 12.6); body weight ranged from 9.8 to 
82 kg (mean 39.7). Five patients were studied in the early 
postoperative period and 12 during the early or long-term 
follow-up period. The mean interval between operation and 
transesophageal study was 3.4 years; the maximal follow-up 
interval was 12 years. Eight patients were symptomatic at 
the time of the transesophageal study. 
The Fontan operation had been performed for tricuspid 
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Table 1. Clinical Data in 18 Patients 
Interval 
Since 
Pt. Age Weight Fontan Fontan Glenn 
No. (yr) (kg) Gender Procedure Malformation Connection Valved Shunt 
I 22 58 F 8 yr TA Post RA-PA Yes 
2 19 53 F 8 yr TA Conduit RA-RV Yes Right 
3 20 67 M 12 yr TA Ant RA-PA Yes Right 
4 12.7 49.5 F 1.3 yr OILV Ant RA-PA No Right 
5 6.2 22.2 M Periop OILV TCPC Right 
6 23 69 M 10 yr TA Conduit RA-RV Yes 
7 2.4 13.0 F Periop OILV TCPC Right 
8 2.0 9.8 M Periop TA Post RA-PA No 
9 10.3 31 M 7.6 yr AVSD,DORV Ant RA-PA No 
10 1.6 12.3 F Periop AVSD,DORV TCPC 
II 4.0 10.5 M 3 wk TA Ant RA-PA No 
12 13.6 44 F 2 wk TA Conduit RA-RV No 
13 3.3 12.9 M I wk AVSD,DORV TCPC Bilateral 
14 24 72 M 9 yr TA Ant RA-PA Yes 
15 2.8 11.5 F Periop TGA TCPC Right 
16 4.8 18.2 F I yr OILV TCPC Bilateral 
17 34 78 M 3 yr OILV Post RA-PA No 
18 21 82 M 1.4 yr OILV TCPC Right 
Ant = anterior; AVSD = complete atrioventricular septal defect; OIL V = double inlet left ventricle; DORV = double outlet right ventricle; F = feminine; 
M = masculine; Periop = perioperative period; post = posterior; Pt. = patient; RA-PA = right atriopulmonary; RA-RV = right atrioventricular; TA = tricuspid 
atresia; TCPC = total cavopulmonary connection; TGA = transposition of the great arteries. 
atresia in eight patients, mitral atresia in one patient, double 
inlet left ventricle in five and for other forms of complex 
congenital heart disease in four. Eight patients underwent an 
atri0pulmonary Fontan connection (anterior in five and 
posterior in three); a valved Hancock conduit was used in 
three of these patients. Seven patients had a total cavopul-
monary anastomosis and three had a right atrial to right 
ventricular connection (valved in two, nonvalved in one). A 
Glenn anastomosis, either unilateral or bilateral, was per-
formed in nine patients. 
Precordial echocardiographic studies. Complete precor-
dial echocardiographic examinations (16), using the full 
range of precordial, subcostal and suprasternal scan posi-
tions, were performed in all patients before the transesoph-
ageal studies. Repeat precordial studies were carried out 
under general anesthesia in 7 children; the remaining 11 
patients were studied without sedation. Particular attention 
was paid to fully demonstrating the systemic venous path-
ways using combined subcostal, parasternal and supraster-
nal scan positions, and also the connections of the systemic 
venous return to the pulmonary artery system. Two-
dimensional echocardiographic imaging was followed by 
color flow mapping studies and pulsed wave Doppler sam-
pling in the areas of interest. In addition, continuous wave 
Doppler interrogation was carried out to assess atrioventric-
ular valve regurgitation and aortic valve velocity waveforms. 
Precordial contrast echocardiographic studies were not per-
formed routinely. 
Transesopbageal ecbocardiographic studies. Informed pa-
tient or parental consent was obtained for each study, and 
hospital ethical approval (Academisch Ziekenhuis Rotter-
dam) was granted before the study protocol commenced. All 
studies were performed using single plane, transverse-axis 
probes. Transesophageal studies were possible in all 18 
patients, and no patient was excluded from the study. 
Nine children were studied under general anesthesia, 
given either in the early postoperative period (five patients) 
or during a concurrent cardiac catheterization (four pa-
tients). One child (Case 10) was studied on two occasions. In 
two other children (Cases 11 and 12) transesophageal studies 
were performed electively under general anesthesia before 
hospital discharge. 
In 10 children a prototype, 48 element, 5 MHz pediatric 
transesophageal probe (developed by the Department of 
Experimental Echocardiography, Thoraxcenter Rotterdam) 
was used, connected to either a Toshiba SSH 160A or a 
Hewlett-Packard Sonos 500 or 1000 ultrasound system. A 24 
element, 5 MHz pediatric probe (Aloka Company) was used 
in one child on an Aloka SSD 870 ultrasound system. The 
dimensions of either probe were comparable, with a maximal 
shaft diameter of 7 mm and a maximal tip circumference of 
30 mm (5 x 10 and 7 x 8 mm, respectively). Steering 
facilities were restricted to anteroposterior tip angulation 
only. 
Seven adult patients were studied on a total of 12 
occasions using either a 5 or 5.6 MHz adult transesophageal 
probe connected to a Toshiba SSH 160A or a Hewlett-
Packard Sonos 1000 system. Mild sedation (midazolam) was 
given intravenously during five of these studies. 
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Study protocol. A standard transesophageal examination 
procedure was followed in every case. The connection of the 
inferior caval vein with the right atrium and the hepatic veins 
was assessed by scanning a series of transverse-axis views of 
the liver with the transducer positioned in the stomach near 
the esophageal hiatus. By gradually withdrawing the probe a 
series of views of the right atrial cavity was obtained. The 
integrity of the atrial septum or the suture line of the 
intraatrial patch used for total cavopulmonary connections 
(5) was assessed by additional color flow mapping studies. 
The communication between the right atrium and pulmonary 
artery system was visualized on two-dimensional echocar-
diographic imaging and was then evaluated by combined 
Doppler color flow mapping and pulsed wave interrogation. 
The right pulmonary artery was searched for in its normal 
position lying posterior to the superior caval vein, and the 
left pulmonary artery anterior to the descending aorta. 
Pulsed Doppler sampling was performed within both pulmo-
nary arteries proximal to their branching. 
The site and function of a Glenn shunt were documented 
on combined Doppler color flow mapping and pulsed wave 
studies. A right Glenn shunt was demonstrated on high 
short-axis views at the level of the right pulmonary artery. A 
left Glenn shunt was demonstrated when the probe was 
withdrawn (above the left main bronchus) and rotated min-
imally counterclockwise from the location to scan the left 
atrial appendage. The main pulmonary artery was demon-
strated on scan planes, which included the proximal ascend-
ing aorta, using anterior tip angulation. The site of drainage 
of all four pulmonary veins was documented by a combina-
tion of two-dimensional echocardiographic imaging and 
color flow mapping. Subsequent pulsed wave Doppler inter-
rogation of pulmonary venous return from right and left 
sided pulmonary veins was carried out and tracings were 
recorded on registration paper at a speed of either 50 or 
100 mmls. The function of the atrioventricular (A V) valves 
was assessed on combined Doppler color flow mapping and 
pulsed wave studies from transesophageal four chamber 
positions. Ventricular function was assessed by scanning 
transgastric short-axis views of the ventricle together with 
M-mode recordings. 
Cardiac catheterization. Eleven patients underwent car-
diac catheterization to evaluate results of the Fontan proce-
dure. These included measurements of pressures and oxygen 
saturations within the caval veins, right atrium, pulmonary 
artery system, aorta and left ventricle. Pulmonary artery 
wedge pressures were recorded in all patients. Retrograde 
left atrial and selective pulmonary venous pressure record-
ings were obtained in four patients. Cardiac output was 
measured by dye-dilution technique. To evaluate a classic 
(unidirectional) right-sided Glenn shunt, an additional inter-
nal jugular venous catheterization was required in three 
patients. Biplane angiocardiograms were obtained routinely 
of the right atrium, the pulmonary artery system and left 
ventricle. Aortic root angiography was carried out in eight 
patients. 
Results 
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A total of 24 transesophageal studies were performed and 
completed successfully in the 18 patients. Complications 
were encountered in only one child (Case 9), who underwent 
simultaneous cardiac catheterization and had a supraventric-
ular tachycardia that lasted about 2 min. The arrhythmia was 
self-terminating and no medical or electrical therapy was 
required. The other 17 patients had no complications. 
Residual atrial shunting. This was documented in three 
patients during the transesophageal study. In all three a 
continuous right to left atrial shunt with turbulent flow 
characteristics was demonstrated on color flow mapping 
studies. In two of these (Cases 4 and 13) this finding was 
subsequently confirmed at cardiac catheterization. The third 
patient (Case 10), in whom significant shunting was detected, 
underwent early reoperation on the basis of only the trans-
esophageal study. During surgical inspection in the latter 
case the predicted site of shunting, located at the midportion 
of the suture line of the patch with the atrial septum, was 
confirmed (Fig. 1). A prior precordial contrast study with 
injection into the right atrial line had revealed atrial shunting, 
but failed to define the exact site of the leakage. In the 
remaining 15 patients the transesophageal study excluded 
residual atrial shunting. This was subsequently confirmed in 
all eight of the remaining patients in whom cardiac catheter-
ization and angiocardiography were carried out. 
Obstruction to pulmonary blood flow (Table 2). This was 
assessed by scanning the Fontan connection and the central 
pulmonary artery system. Anterior connections or anasto-
moses (direct atriopulmonary or conduit AV) could be 
visualized in 5 of 8 patients (Fig. 2) and posterior connec-
tions (direct or conduit atriopulmonary, and total cavopul-
monary anastomoses) in 10 of 10 patients. Prior precordial 
studies allowed adequate visualization of anterior connec-
tions in 6 of 8 patients and of posterior connections in 5 of 10 
patients (Table 2). 
Pulmonary artery obstruction was defined by combined 
transesophageal imaging and Doppler color flow mapping 
and pulsed wave sampling in three patients. In only one of 
these patients (Case 10) was this detected by the prior 
precordial ultrasound study. In two patients (Cases 9 and 10) 
the site of obstruction could be demonstrated on two-
dimensional echocardiographic imaging and color flow map-
ping (Fig. 3). In the third patient (Case 3), with embolization 
of a right atrial thrombus, the documentation of absence of 
pulmonary venous return from the left lung revealed the 
diagnosis. Cardiac catheterization confirmed the transesoph-
ageal findings in all three patients. Transesophageal pulsed 
wave Doppler assessment of flow patterns within the distal 
right and left pulmonary arteries (proximal to their first 
peripheral branching), and the subsequent comparison of 
these flow profiles, allowed us to exclude central pulmonary 
artery obstruction in 13 of the remaining 15 patients. This 
was confirmed in all of the eight patients who underwent 
subsequent cardiac catheterization. 
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Figure 1. Case 10. Residual atrial shunting after total cavopulmo-
nary connection (TCPC). The site of the defect at the midsuture line 
of the atrial baffie with the atrial septum (arrow) was confirmed 
during subsequent reoperation. LA = left atrium. 
Function of a Glenn anastomosis (Table 2). This could be 
evaluated in eight of nine patients by the transesophageal 
color flow mapping and pulsed Doppler studies. In one 
patient (Case 4) interposition of the right main bronchus 
precluded the evaluation. Prior precordial studies allowed 
adequate assessment of a Glenn shunt in only three patients 
(Cases 7, 15 and 18). A bidirectional left Glenn shunt, 
present in two patients (Cases 13 and 16), could be evaluated 
in both by the transesophageal study but in neither by the 
prior precordial study. Obstruction of the Glenn shunt was 
excluded by transesophageal pulsed Doppler interrogation 
distal to the anastomosis in all patients. This was confirmed 
Table 2. Assessment of Fontan Connections by Precordial and 
Transesophageal Ultrasound in 18 Patients 
Atrioventricular 
connection 
Atriopulmonary 
connection 
Total cavopulmonary 
anastomosis 
Right Glenn 
Left Glenn (bilateral 
Glenn) 
Total 
Conduit Valved 
(n = 3) Nonvalved 
Anterior Conduit 
(n = 5) Direct 
Posterior Conduit 
(n = 3) 
Direct 
(n = 7) 
(n = 9) 
(n = 2) 
PE TEE 
112 112 
III III 
112 112 
3/3 2/3 
0/1 1/1 
1/2 2/2 
417 7/7 
3/9 8/9 
0/2 2/2 
14/29 (48%) 25/29 (86%) 
PE = precordial echocardiography; TEE = transesophageal echocardiog-
raphy. 
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Figure 2. Case 12. Transesophageal color flow mapping study in a 
patient with an atrioventricular conduit connection (*). RA = right 
atrium; RV = right ventricle. 
in all of the five patients who had subsequent cardiac 
catheterization. The presence of an arteriovenous fistula was 
identified on transesophageal color flow mapping studies in 
Figure 3. Case 10. Transesophageal basal short-axis view in a child 
with total cavopulmonary anastomosis. The connection to the right 
pulmonary artery (rPA) showed continuous turbulent flow of low 
velocity (arrow) on both color flow mapping and Doppler pulsed 
wave interrogation, indicating obstruction. The site of drainage of 
the superior caval vein into the "tunnel" is encoded in blue (*). 
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Figure 4. Case 3. Transesophageal image of extensive right atrial 
(RA) thrombus formation, not diagnosed during the prior precordial 
study. Note the prominent eustachian valve (arrowhead). 
two patients (Cases 4 and 16); however, the course and the 
number of fistulae could not be defined. 
Thrombus formation. This was documented within the 
right atrial cavity (two patients) or a total cavopulmonary 
connection (one patient) by the transesophageal study. In 
one of these (Case 3), who presented with acute clinical 
deterioration associated with atrial fibrillation, the diagnosis 
had been missed during a prior precordial study and the 
patient underwent urgent cardioversion in the intensive care 
unit. Thereafter, his condition deteriorated further and ino-
tropic support and mechanical ventilation were required. 
The transesophageal study carried out at that time revealed 
extensive right atrial thrombus formation (Fig. 4). No flow 
was recorded over his valved right atrial to pulmonary artery 
connection or within the left pulmonary artery. Emboliza-
tion of part of the right atrial thrombus into the left pulmo-
nary artery or acute thrombotic occlusion of the Hancock 
conduit was the presumed cause. Pulmonary venous return 
from the left lung, as assessed by transesophageal pulsed 
wave Doppler studies, was minimal. The patient received 
thrombolytic therapy using intravenous recombinant tissue 
plasminogen activator for 3 days. A control transesophageal 
study was carried out to determine the result of thromboly-
sis. This was judged to be successful with no evidence of 
residual thrombus in the atrial cavity and a return to normal 
pulmonary artery and pulmonary venous flow patterns. 
Cardiac catheterization and lung scintigraphy confirmed the 
transesophageal hemodynamic findings. The patient subse-
quently underwent elective total cavopulmonary connec-
tion, with successful results, as suggested by the clinical 
findings and repeat transesophageal study. 
Repeat cardiac catheterization was not performed. In the 
second patient (Case 18), who was studied on an outpatient 
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basis, thrombolytic therapy was started on an elective basis 
after transesophageal studies documented excessive mural 
thrombus formation. A repeat study to document the final 
result showed only minimal change in thrombus morphol-
ogy. The third patient (Case 18) was studied during the 
routine postoperative follow-up examination. Slow flow, 
characterized by spontaneous contrast generation, together 
with small thrombi were documented within his total cavo-
pulmonary connection. These changes were not noted dur-
ing the prior precordial echocardiographic evaluation. The 
patient received intravenous heparin for 4 days. Repeat 
transesophageal study revealed no residual thrombi; how-
ever, spontaneous contrast was still observed. In 2 other 
patients (Cases 9 and 13) with low cardiac output as deter-
mined by dye dilution, the appearance of spontaneous 
contrast echoes within the right atrial cavity was docu-
mented. However, there was no evidence of thrombus 
formation on a detailed imaging study. 
A V valve regurgitation. This was documented by trans-
esophageal color flow mapping studies in 11 patients, in only 
5 by prior precordial studies. Both the extent and origin of 
the regurgitant jet were better defined by transesophageal 
studies. A central regurgitant jet was documented in nine, an 
eccentric regurgitant jet in two. One patient with a common 
A V valve (Case 13), had both central and eccentric regurgi-
tation. Three patients were judged to have moderate valvular 
regurgitation; no patient had severe regurgitation. 
Coronary artery fistula. This was documented on trans-
esophageal color flow mapping studies in 2 patients (Cases 
10 and 16). In both, the fistula originated from the right 
coronary artery system and drained into the functional left 
atrium. In neither patient was the finding judged to represent 
a significant shunt. Prior precordial ultrasound investigations 
had not detected the fistula in any patient. The finding was 
confirmed in one patient (Case 10), who subsequently had an 
aortic root angiogram, and was not demonstrated by left 
ventricular angiography in the other. 
Pulmonary blood flow. This was assessed by transesoph-
ageal Doppler pulsed wave sampling within both the branch 
pulmonary arteries and the corresponding pulmonary veins. 
Subsequent correlation of these traces with those obtained 
from the contralateral lung revealed total obstruction to right 
pulmonary artery flow in 1 patient (Case 9), and occlusion of 
the left pulmonary artery in a second patient (Case 3). In 
both patients pulmonary venous traces demonstrated an 
elevated peak retrograde velocity and diminished antero-
grade systolic and diastolic forward flow, reflecting only to 
and fro flow within the pulmonary veins of the obstructed 
side (Fig. 5). In two other patients (Cases 10 and 13) 
time-velocity integrals of the systolic and diastolic phases of 
pulmonary venous return were largely reduced when com-
pared with the contralateral lung. In one of these (Case 10), 
mild obstruction to the right pulmonary artery at the anas-
tomotic site had been already demonstrated on the trans-
esophageal imaging and color flow mapping study. In the 
second patient (Case 13) no cause for decreased left pulmo-
lACC Vol. 17, No.5 
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Figure 5. Case 9. Doppler pulsed wave tracing of the right upper 
pulmonary vein (RUPV) in a patient with occlusion of the right 
pulmonary artery. There is only to and fro flow recorded within the 
pulmonary veins of the right lung. The net forward flow is abouf 0, 
which is, despite the presence of junctional rhythm, indicative of a 
marked decrease in pulmonary blood flow. 
nary blood flow was detected, but the angiogram revealed a 
delay and reduction of left pulmonary artery opacification. 
Pulmonary artery flow patterns varied considerably de-
pending on the type of Fontan connection. After total 
cavopulmonary anastomosis pulmonary artery flow was 
continuous and of low velocity but showed marked respira-
tory changes. The peak velocity of forward flow increased 
with inspiration and was reduced to almost 0 velocity with 
expiration. Superimposed on these major respiratory 
changes were minor but rapid velocity changes during the 
cardiac cycle. This pattern of flow was found unchanged but 
largely augmented distal to a left Glenn shunt in one child 
with interrupted inferior caval vein and hemiazygos contin-
uation (Fig. 6). After atri0pulmonary connection a biphasic 
pulmonary artery flow pattern was observed. Transient 
retrograde flow during early systole was documented in 
three patients at the site of the connection. In one patient 
(Case 9), this retrograde flow component was very promi-
nent, and could be noted in the distal third of the left branch 
pulmonary artery. Maximal anterograde flow velocities were 
documented after atrial contraction (0.5 m/s), and a second 
(smaller) phase of forward flow commenced at the end of 
systole. There were marked respiratory changes in the 
tracing (Fig. 7). The finding of retrograde flow within the 
distal third of the branch pulmonary artery was interpreted 
to be related to high pulmonary artery pressure. At subse-
quent cardiac catheterization, a right atrial a wave of 36 mm 
Hg and a mean right atrial pressure of 28 mm Hg were 
documented. There was no obstruction to left pulmonary 
artery flow (mean pressure 28 mm Hg). Left atrial mean 
pressure measured 7 mm Hg, with an a wave of 10 mm Hg. 
In two patients with an A V connection, filling of the 
conduit was noted in both diastole and systole, whereas 
forward flow in the pulmonary arteries was noted only 
STOMPER ET AL. 1157 
EVALUATION OF FONTAN PROCEDURES 
RA-lPA 
LGlenn 
Figure 6. Case 16. Doppler pulsed wave study in a patient with a 
total cavopulmonary connection and bilateral, bidirectional Glenn 
anastomoses for correction of a complex cardiac lesion associated 
with hemiazygos continuation of the inferior caval vein. Sampling at 
the site of the connection toward the left pulmonary artery (RA-
LPA) reveals low velocity flow with marked respiratory variations. 
Distal to the anastomosis ofthe left-sided Glenn shunt (L Glenn) the 
pattern of flow remains comparable, but flow velocities are largely 
increased (forward flow away from the transducer). 
during systole, with retrograde flow throughout diastole. The 
corresponding pulmonary vein flow pattern demonstrated 
near-normal biphasic flow patterns (Fig. 8). These findings 
suggested that the right ventricular chamber incorporated in 
the Fontan circulation in these two patients contributed to 
systolic forward flow, but functioned as a reservoir without 
pulmonary valve closure during diastole. 
Pulmonary vein flow patterns, in contrast to the marked 
changes in pulmonary artery flow patterns, were found to be 
uniformly biphasic. This was irrespective of the type of 
Fontan procedure used. 
Ventricular function. This was studied using transgastric 
short axis scans of the ventricles together with M-mode 
studies. High-quality images of the endocardium could be 
obtained in only 13 ofthe 18 patients studied. This was partly 
related to marked liver enlargement in most cases. No 
further analysis was undertaken. The precordial approach 
allowed a better assessment of ventricular function in 10 
patients. 
Discussion 
A large proportion of patients who have undergone a 
Fontan-type surgical procedure have residual or acquired 
hemodynamic lesions such as persisting atrial shunting or 
obstruction to pulmonary blood flow. The latter abnormality 
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Figure 7. Case 9. Doppler pulsed wave study in a patient with an 
atriopulmonary connection in the presence of raised pulmonary 
artery pressures. Forward flow (away from the transducer) in the 
distal left pulmonary artery (LPA) peaks after right atrial contrac-
tion, and reverses during atrial relaxation. The second phase of 
forward flow, which commences in late systole, is presumably 
passive. The corresponding flow pattern within the left lower 
pulmonary vein (LLPV) demonstrates a biphasic low velocity 
profile. Because of cardiac rotation anterograde flow is away from 
the transducer. 
is, in most cases, acquired, and is found particularly com-
mon after a Fontan procedure involving an extracardiac 
conduit (6,13,23). Obstruction to pulmonary blood flow may 
occur insidiously in the asymptomatic patient. However, 
many of these patients do not present until the onset of 
secondary sequelae such as acute atrial arrhythmias or right 
atrial thrombus formation (9,24). 
Precordial ultrasound studies. In the follow-up of such 
patients precordial echocardiographic studies remain fre-
quently incomplete, especially in older patients or when the 
Fontan connection lies posteriorly. The extensive use of 
prosthetic material in total cavopulmonary anastomoses (5) 
limits reliable assessment of the connection even in younger 
children. Irrespective of the surgical procedure used, a 
reduced precordial image quality is often encountered. In 
addition, with increasing liver enlargement, subcostal imag-
ing frequently becomes impossible. The distances between 
the chest wall and the pulmonary arteries and pulmonary 
veins, together with the poor alignment of the precordial 
Doppler beam to flow within these structures, limits the 
acquisition of high quality Doppler pulsed wave signals, 
which would allow the noninvasive evaluation of the Fontan 
circulation. Thus, most patients who are suspected of having 
residual or acquired lesions after a Fontan procedure un-
dergo repeat cardiac catheterization to effect a complete 
assessment of the hemodynamic results. 
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Figure 8. Case 6. Right pulmonary artery (RPA) and right upper 
pulmonary vein (RUPV) flow patterns in a patient with a valved 
atrioventricular Fontan connection. Note the retrograde flow 
(toward the transducer) within the right pulmonary artery (RPA) 
throughout ventricular diastole occurring simultaneously with an-
terograde flow within the corresponding pulmonary vein (RUPV). 
Transesophageal echocardiography. This method was 
used in a series of patients to determine its diagnostic value 
in the evaluation of the Fontan circulation. The findings were 
correlated with those obtained by precordial ultrasound 
studies and the data derived from cardiac catheterization and 
angiocardiography. When compared with precordial ultra-
sound studies, transesophageal studies provided a much 
improved image quality, irrespective of the patient's size or 
the presence of entrapped air or suction tubes in the early 
postoperative period. The atrial chambers and the morphol-
ogy and function of the A V valves were assessed in more 
detail from within the esophagus in all patients studied. This 
allowed for the detection of a variety of unsuspected hemo-
dynamic lesions, such as atrial shunting in 2 patients, AV 
valve regurgitation in six and a coronary artery fistula in two. 
Good hemodynamic results with only minimal pathologic 
changes, such as minimal mitral regurgitation, were docu-
mented in 10 of the 18 patients. This was confirmed in all 
three of the patients who underwent scheduled cardiac 
catheterization. 
Thrombus formation was detected by the transesoph-
ageal study in 3 of the 18 patients. This suggests that 
thrombus formation after a Fontan procedure may be more 
frequent than previously reported (24,25). Spontaneous con-
trast within the Fontan connection, which is indicative of an 
increased thromboembolic risk (26), was readily diagnosed 
by the transesophageal approach. Because of the deleterious 
effects that thromboembolic events have in the Fontan 
circulation, anticoagulant therapy should be considered in 
patients who show spontaneous contrast, and thrombolytic 
therapy may be attempted in those with evident thrombi or 
embolization (25). 
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Posterior Fontan connection were evaluated in all 10 
patients so studied, indicating that the transesophageal ap-
proach is clearly superior to the precordial approach in this 
patient group. In addition, it was only the transesophageal 
approach that routinely allowed the visualization of distal 
segments of the right and left pulmonary arteries, the eval-
uation of Glenn anastomoses, and the visualization of all 
four pulmonary veins. This in turn allowed for a detailed 
Doppler evaluation of the Fontan circulation in 15 of the 18 
patients studied. Anterior connections could not be visual-
ized and evaluated adequately in three of eight patients, as 
opposed to two of eight patients by precordial studies. The 
distance of these connections from the esophagus, together 
with the restrictions on imaging related to interposition of 
the bronchial tree between the esophagus and anteriorly 
placed conduits, were the major limiting factors for single 
plane transesophageal studies. The recent adjunct of longi-
tudinal or biplane transesophageal imaging (27,28) may re-
duce these difficulties, but they are unlikely to be completely 
eliminated. 
Doppler pulsed wave studies. These could be performed 
at multiple sites for the exclusion of any obstruction to 
pulmonary blood flow and to determine the precise hemo-
dynamics of the various types of Fontan circulation. Good 
angles of incidence for the transesophageal Doppler beam to 
flow could be obtained for posterior connections, the right 
and left pulmonary arteries and the corresponding pulmo-
nary veins. Obstruction at the site of the Fontan anastomosis 
was documented by the finding of continuous turbulent flow 
throughout the cardiac and respiratory cycle, with the pulsed 
Doppler sample volume placed immediately distal to the 
obstruction. This was performed with ease after transesoph-
ageal visualization of the Fontan anastomosis. Total occlu-
sion of one pulmonary artery was demonstrated only by to 
and fro flow within the corresponding pulmonary veins. 
Although these patterns of flow would appear to be diagnos-
tic, care must be taken in their interpretation because they 
provide information on blood flow velocity but no volumet-
ric data. 
Pulmonary vein flow patterns, which reflect left heart 
pressure events (29), were found to be biphasic in all patients 
studied, irrespective of the type of Fontan procedure used. 
After atriopulmonary connections, similar biphasic flow 
patterns were documented in the branch pulmonary arteries. 
The velocities of forward flow may peak after atrial systole. 
Retrograde flow within the pulmonary arteries, in these 
patients, is an inconstant finding, which is probably related 
to the relaxation of the right atrium in the presence of raised 
pulmonary artery pressures (Fig. 7). After total cavopulmo-
nary anastomosis, which results in almost complete exclu-
sion of the right atrium, near-normal biphasic pulmonary 
vein flow patterns were documented. However, the pulmo-
nary artery flow patterns in these patients showed only 
minor variations in flow velocities during the cardiac cycle. 
These were superimposed over the marked changes caused 
by respiration (Fig. 9). 
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Figure 9. Case 13. Doppler pulsed wave study in a patient with total 
cavopulmonary connection. Whereas sampling at the site of connec-
tion between the right atrium and left pulmonary artery (RA-LPA) 
documented a continuous low velocity flow pattern with marked 
respiratory changes but only little changes during the cardiac cycle, 
the flow pattern in the left upper pulmonary vein (LUPV) is found to 
be biphasic. 
Comparison of the observations in patients with either 
atriopuimonary or total cavopulmonary connections support 
the theory that the principal determinant factor for the 
Fontan circulation lies in the systemic venous pressure, 
which, among others, is related to systemic ventricular 
function (30-33). The finding of retrograde flow within the 
pulmonary arteries occurring simultaneously with antero-
grade flow within the pulmonary veins (Fig. 7 and 8) ex-
cludes a "suction effect" of the left ventricle to drive the 
Fontan circulation. Variations in pulmonary artery flow 
patterns are reflections of, 1) the presence and function of a 
right atrial or ventricular chamber, 2) intrathoracic pressure 
changes occurring during respiration and 3) changes in left 
atrial pressure events, which are transmitted retrogradely 
through the pulmonary capillary bed. 
Several recent studies (34,35) indicate that assessment of 
pulmonary vein flow traces together with the assessment of 
mitral valve inflow patterns may allow more detailed insight 
into the (diastolic) function of the systemic ventricle. In this 
respect, transesophageal Doppler echocardiography may 
provide new insights into the ventricular function of Fontan 
patients, which is one of the key determinants in the long 
term result. 
Conclusions. Transesophageal echocardiography pro-
vides detailed insight into the Fontan circulation. The infor-
mation derived from these studies is of great value both in 
the surgical and medical management of early or late post-
operative sequelae. In this series the technique was superior 
to precordial ultrasound and was of substantial additional 
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value to cardiac catheterization. The results indicate that 
transesophageal echocardiography may become the diagnos-
tic technique of first choice in the follow-up of patients who 
have undergone a Fontan surgical procedure. 
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